The Effect of Cushioning Insoles on Back and Lower Extremity Pain in an Industrial Setting by John R. Jefferson, PT, PhD M any industrial workers spend a significant part of each day walking or standing on hard flooring and many also experience low back pain and lower extremity pain. Hard flooring is an obvious contributor to lower extremity pain and has been identified as a contributing factor for low back pain as well (Redfern & Chaffin, 1995) . However, low back pain may be due to other factors (e.g., heavy lifting, repetitive trunk rotation, or sustained bent-forward posture), regardless of floor surface (Yilmaz & Dedeli, 2012) . The purpose of this study was to examine the relationship between low back pain and lower extremity pain in a group of factory workers and determine the effect of cushioning the floor surface, using commercially available cushioning insoles, on back and lower extremity pain.
METHODS
A questionnaire was distributed to all 322 employees of an aircraft engine assembly factory. The return rate on the questionnaires, which were returned anonymously, was 95% (306 of 322). The two-page questionnaire included demographic information, self-reported history of low back pain, and a body discomfort chart ( Figure  1 ) with six body regions labeled: neck or upper back; lower back or buttocks; shoulders or upper arms; hands; knees; and feet. Respondents were instructed to place a number in the circle beside each labeled body region that indicated their level of discomfort at the end of a normal shift. A horizontal pain scale with circles numbered from 0 to 10 was provided for reference, with 0 described as "no discomfort" and 10 described as "extremely painful."
RESEARCH ABSTRACT
The purpose of this study was to examine the relationship between low back pain and lower extremity pain in a group of factory workers and determine the effect of cushioning insoles on low back pain and lower extremity pain. Data were gathered via questionnaire from 306 employees of an aircraft engine assembly factory. A subset of 40 workers who had reported significant levels of back or lower extremity pain were sampled for four consecutive 12-hour shifts wearing their normal footwear and then a week later for four consecutive shifts wearing cushioning insoles. High levels of low back pain and lower extremity pain were reported by workers on the plant floor, but low back pain was poorly correlated to lower extremity pain (r = 0.371). The effect of insoles on the subset of 40 workers was to lower low back pain by 38%, foot pain by 37%, and knee pain by 38% (p < .001). The reduction in low back pain, however, was not correlated to the reduction in lower extremity pain; workers reporting a decrease in low back pain differed from those reporting less lower extremity pain. [Workplace Health Saf 2013; 61(10):451-457.] The six body regions were chosen from a pilot study that originally used a body diagram with 28 body regions. The six regions chosen were those with the highest mean pain scores from 111 pilot questionnaires. Of the 306 returned questionnaires, 285 had completed body pain diagrams that could be used in data analysis.
The two body regions with the highest mean pain scores were the lower back and feet. A subset of 40 workers (38 male and 2 female) from the plant floor who had reported levels of low back pain or foot pain of 3 or higher on the horizontal pain scale volunteered to investigate the effect of cushioning insoles on their back or foot pain. Each of the 40 workers completed a new body discomfort chart at the end of each of four consecutive 12-hour shifts during which they wore their normal work shoes. After 3 or 4 days off, they then were re-sampled after each of four consecutive 12-hour shifts wearing Sorbothane ® insoles in their work shoes. This particular insole was chosen because it was familiar to the occupational health personnel, affordable, and easy to cut to fit a variety of work shoes. An insole without arch support was chosen so that any treatment effect could be assumed due to cushioning alone. Two of the 40 workers missed 1 day of reporting, leaving 38 workers with complete data. Mean low back pain and foot pain scores for the 4 days with and without insoles were compared using paired t tests. Correlation coefficients were used to examine relationships between body region pain scores. StatView for MacIntosh was used to analyze the data.
RESULTS
The incidence of self-reported low back pain was 69.3% within the past year, 50% within the past 3 months, 33.7% within the past 3 weeks, and 18.7% within the past 24 hours. Among the 69.3% of the workers who complained of low back pain, 41% indicated that their low back pain had interfered with their activities of daily living (ADLs); 28.4% of the work force reported low back pain in the previous year severe enough to interfere with ADLs. Data from the occupational health service for this plant indicated that 27% of the work force presented to the clinic with complaints of low back pain in the same 1-year period prior to questionnaire distribution. Because the questionnaires were anonymous, it is not known whether the workers who reported low back pain interfering with their ADLs were the same workers who presented to the clinic, but the percentages were similar. In the same 1-year period, only 2.3% of the work force lost time from work because of low back pain.
The distribution of pain scores for each body region is shown in Figure 2 for the whole plant and three selected departments. Across the whole plant, low back pain and foot pain scores were the highest. In the Systems area, workers are sedentary, spending most of the workday sitting at their desks. They reported, on average, a moderate level of both neck and back pain, but lower levels of upper and lower extremity pain. In the Tooling area, workers are on the shop floor, operating manual and computerized machines. They reported, on average, higher levels of spinal and lower extremity pain, but little upper extremity pain. This department had the highest levels of both low back pain and foot pain in the whole plant, with levels greater than 5 for both body regions at the end of an average shift. In the Shipping area, workers function in various positions throughout the day, with frequent packaging, lifting, and carrying but infrequent static standing or sitting. They reported, on average, a low level of pain for all body regions.
Although plant-wide low back pain and foot pain garnered the highest pain scores, little correlation was found between reports of low back pain and foot pain. As seen in the Table, the plant-wide correlation between low back pain and foot pain was weak (r = 0.209). The workers complaining of high levels of low back pain were not the same workers complaining of high levels of foot pain. This result may be partly due to the variety of work activities in this plant; some of the workers sat at computers for most of their day and thus would not be expected to report foot pain. To Questionnaire data provided prevalence rates of low back pain and extremity pain that differed from data obtained from employee health records or workers' compensation reports. This finding may result in earlier intervention and prevention of lost work time from work-related overuse syndromes. Although hard flooring may contribute to both lower extremity and back pain, the effect of static loading appears to be a major contributor to both. Insoles are a relatively inexpensive intervention that may significantly reduce low back and lower extremity pain. investigate this finding further, the 55 sedentary workers at the plant were removed from the data, leaving the 230 workers on the plant floor. Analyzing data from the plant floor workers only, the correlation between low back pain and foot pain was slightly higher but still weak (r = 0.371). Foot pain was better correlated with knee pain (r = 0.612). This finding suggests that the environmental factors predisposing workers to low back pain in this plant differ from the environmental factors predisposing them to foot and knee pain and is supported by the data on insole use. Figure 3 displays the mean pain scores for the 38 workers who were sampled without and with insoles for four consecutive 12-hour shifts. A slight increase in both low back pain and foot pain was reported each day, from Day 1 to Day 4, without insoles. With insoles, the data showed an immediate drop in both low back pain and foot pain, with no increase in pain reported from Day 1 to Day 4. As seen in Figure 4 , the mean low back pain score decreased 28%, from 2.86 to 2.06 (p = .04), with insoles; the mean foot pain score decreased 32%, from 5.09 to 3.48 (p = .0001), with insoles. Correlation analysis of these 38 workers examined whether the workers reporting a decrease in low back pain with insoles were also the workers reporting a decrease in foot pain with insoles. The correlation between reported low back pain and reported foot pain in these 38 workers was r = 0.148. Virtually no correlation was found between the change in low back pain with insoles and the change in foot pain with insoles (r = 0.063); the workers who reported less low back pain wearing insoles were not the same workers who reported less foot pain wearing insoles. The inclusion criterion for the subset of workers in the insole study was a pain level of 3 or greater for either low back pain or foot pain. Further examination of the data revealed that several workers reported 0 low back pain without insoles, with high foot pain, and a few workers reported 0 foot pain without insoles, with high low back pain. To determine if the data from these workers skewed the results, the data analysis was recalculated with workers starting with 0 low back pain or 0 foot pain removed, leaving a subset of 25 workers. The effect of using insoles in this subgroup was a larger change in low back pain ( Figure 5 ). Using insoles in this subgroup resulted in a 40% decrease, from 4.09 to 2.47 (p = .006), in the mean pain score. The decrease in foot pain from this subgroup was similar to the results with the larger group of 38 workers. Using insoles resulted in a 35% decrease, from 5.13 to 3.35 (p = .001), in the mean pain score. The correlation between low back pain and foot pain also was higher in this subgroup. With this subset of 25 workers with low back pain and foot pain of at least 1, the correlation between low back pain and foot pain was moderate (r = 0.664). However, the correlation between the change in low back pain with insoles and the change in foot pain with insoles was still weak (r = 0.173). Thus, even in this subgroup of workers with both low back pain and foot pain, the workers reporting a significant decrease in low back pain with insole use were not the same workers reporting a significant decrease in foot pain with insole use.
Applying Research to Practice

DISCUSSION
Data on the incidence of back and peripheral joint pain in industrial settings are typically collected in one of three ways: (1) workers' compensation statistics; (2) workplace employee health records; and (3) questionnaire or interview data. Data from workers' compensation claims exhibit inherent biases (Abenhaim & Suissa, 1987) , including the influence of working conditions and the socioeconomic situation of the worker. Also, not all workers with back or extremity pain file a claim or lose time from work. Therefore, the percentage of workers experiencing pain at work is presumably higher than the percentage included in workers' compensation statistics. Using employee health records defines the percentage of workers who formally complain of back or extremity pain, regardless of whether their problem results in lost work time. Although a high incidence of workers' compensation claims is clearly undesirable, a high incidence of workers reporting to the occupational health clinic may not be undesirable and, in fact, may be beneficial. For example, the Chelsea Back Program (Fitzler & Berger, 1982 , 1983 encouraged early reporting of low back pain complaints to occupational health providers. During a 2-year period, the incidence of workers reporting to the clinic increased by 56%. In the same time period, however, the incidence of workers' compensation claims for low back pain decreased by 50%. Presumably early reporting of low back pain resulted in earlier, more preventive interventions.
Self-reported lifetime incidence of low back pain ranges from 50% to 80% in industrialized countries (Balagué, Mannion, Pellisé, & Cedraschi, 2012; Hoy et al., 2012; Manchikanti, Singh, Datta, Cohen, & Hirsch, 2009; Walker, 2000) , with a 1-week prevalence of 21% to 69% for various types of workers (Devereux, Buckle, & Vlachonikolis, 1999; Gallis, 2006; Keawduangdee, Puntumetakul, Chatchawan, Kaber, & Siritaratiwat, 2012; Knibbe & Friele, 1996; Widanarko, Legg, Stevenson, Devereux, & Jones, 2012a; Woods & Buckle, 2006) . This finding defines an even larger group of individuals with low back pain, suggesting that the majority of workers report low back pain at some point during their work lives if asked, only a subset of that group will access the occupational health clinic for assistance, and an even smaller subset will be absent from work. Thus, workers' compensation statistics can be seen as the "tip of the iceberg"; questionnaire data, as collected here, represent the larger base of low back pain complaints that have not yet surfaced as disabling conditions.
Fewer studies have examined the prevalence of lower extremity pain compared to low back pain. Values for the prevalence of foot pain have been reported as ranging from 13% in office workers (Janwantanakul, Pensri, Jiamjarasrangsri, & Sinsongsook, 2008) to 30% in kitchen workers (Haukka et al., 2006) to 54% in farmers (Osborne et al., 2010) . Only one study has examined the co-occurrence of back and peripheral joint pain. Haukka et al. (2006) reported the co-occurrence of musculoskeletal pain in 496 female kitchen workers in Finland. They found that 50% of workers complained of low back pain, 30% complained of ankle or foot pain, and 12% complained of both axial and lower extremity pain. The researchers combined back and neck complaints into a common category of "axial" pain and combined hip, knee, and foot pain into a common "lower limb" category; thus, the co-occurrence of low back pain and foot pain in their study is not known.
In the current study, 71% of workers reported some level of low back pain at the end of an average shift, 57% complained of knee pain, and 69% complained of foot pain. Plant-wide, low back pain and foot pain had the highest mean scores (3.16 and 3.65); hand pain had the lowest reported score (0.94). In the case of hand pain, 70% of respondents reported a 0 pain level and only 15% of respondents reported a pain level of 3 or higher. For low back pain, however, only 29% of respondents reported a 0 pain level and 55% of respondents reported a level of 3 or higher. This comparison suggests that low back pain is a greater problem than hand pain at this plant. However, this finding is at odds with the workers' compensation statistics for this plant. During the 2-year period prior to questionnaire distribution, the most frequent cause of lost time was hand injuries, accounting for 45.2% of days lost, whereas low back pain accounted for 36.1% of days lost. This discrepancy may be because a few employees with hand problems (e.g., carpal tunnel syndrome) were responsible for substantial days lost. Questionnaire data provided a different sense of low back pain and extremity pain prevalence than data from employee health records or workers' compensation records.
The difference in pain scores among departments suggests that alternative intervention strategies may be needed in different areas of the plant. These findings also clarify the causes of workers' spinal or extremity pain (Figure 2 ). In the Systems area, for example, the high level of neck and back discomfort but low level of peripheral joint discomfort is consistent with the sedentary job descriptions. Interventions for these workers should include changes to seating and monitor heights and frequent breaks from sitting.
In the Shipping area, no significant problems were identified. Interestingly, this department is where most of the materials handling takes place, with frequent lifting, carrying, and bending while packing and unpacking parts of various sizes. In contrast, the Tooling area employees reported high levels of both spinal and lower extremity discomfort. The workers in this area do less lifting and carrying but more static standing and sitting while operating machines, suggesting that interventions should include more variation in job tasks with less static loading.
The high level of both low back pain and foot pain in this and other departments on the plant floor begs the question: Does pain reported across departments share a causative factor-the hard concrete floors? Although the floor is the most obvious explanation for the high levels of foot pain and low back pain, an alternate explanation is workers maintaining static postures while operating machines, regardless of floor surface. Because self-reported low back pain was poorly correlated with lower extremity pain, but foot and knee pain were moderately well correlated, different causative factors may be to blame.
A statistically significant difference in mean pain scores with the use of insoles for both low back pain and foot pain was found, but was the difference clinically significant? Use of a numeric pain scale for low back pain has been well investigated. Ostelo and de Vet (2005) reported that a clinically significant difference in numeric pain rating was 2.5 for chronic low back pain and 3.5 for acute low back pain. Childs, Piva, and Fritz (2005) reported that the minimum clinically significant difference for acute and chronic low back pain was 2.2 at 1 week and 1.5 at 4 weeks. The mean change in pain in both the group of 38 workers and the subgroup of 25 workers who started with both low back pain and foot pain was less than 2.0 for both foot pain and low back pain. One could argue that the difference in reported pain wearing insoles, on average, was not clinically significant. A counter argument would be that several workers only had a pain level of 2 at the beginning of the study; therefore, a change of 2 would bring their pain level to 0, which those workers would say is significant.
More important, perhaps, is the observation that the change in low back pain with insoles did not correlate with the change in foot pain with insoles. Some workers reported significant relief of their low back pain with insoles but no change in foot pain, whereas others reported a significant decrease in foot pain but no change in low back pain. Individually, insoles reduced low back pain or foot pain for some workers. Randomized, controlled trials on the use of insoles for low back pain have produced mixed results (Mattila et al., 2011; Sahar et al., 2009; Shabat, Gefen, Nyska, Folman, & Gepstein, 2005) , with the majority of studies showing no significant difference in either pain level or prevention of episodes. This finding may be because these studies report mean results rather than individual worker improvement in low back pain with insoles.
Although floor cushioning may be one factor to consider for both low back pain and lower extremity pain reduction, the data collected here also suggest the need to address static loading. The observation that workers in the Materials and Shipping departments had much lower levels of both low back pain and foot pain despite being on their feet all day on the same concrete floors as coworkers in other departments suggests that the hard floors are a small part of the problem. The effect of static positioning seems to be a more significant contributing factor. The workers who moved during the 12-hour shift, even though they were bending, lifting, and carrying more than their coworkers, reported less low back pain and lower extremity pain than workers who experienced less lifting and carrying but more static loading. Static loading has also been reported to be a contributing factor for lower extremity pain. Messing, Tissot, and Stock (2008) found that constrained standing postures were associated with increased ankle or foot pain compared with standing and sitting at will.
Although only the data illustrating the change in foot pain with insoles are presented here, similar results were found in knee pain scores. Mean knee pain decreased by 38% with insoles, but as with foot pain, it was not correlated with a decrease in low back pain but rather with less foot pain.
LIMITATIONS
Although the questionnaire had a robust sample size of 306 participants with a return rate of 95% of the 322 plant workers, only 40 participants received orthotics. A larger sample size may have revealed a different intervention effect. The small sample size also made it impossible to compare the effect of insoles between departments. The 40 volunteers were from 10 departments, with some departments having only one or two volunteers; only one department had 10 volunteers. Also, the researchers did not recruit enough female volunteers to compare genders. Some evidence was found in the literature suggesting that females may be more likely to complain of low back pain secondary to awkward or tiring positions at work (Widanarko et al., 2012a) . Evidence also exists that women are more susceptible to lower leg and foot pain when expected to stand for prolonged periods at work (Messing et al., 2008) . Studies with more female and male participants would support further examination of this issue.
Another limitation is that the questionnaire asked workers to rate their pain only at the end of a normal shift. If the workers had completed a questionnaire at both the beginning and the end of shifts, a baseline level of pain at the start of each shift could have been compared with the pain level at the end of each shift. The participants were not asked to complete two questionnaires per shift because it was believed that participation would substantially decrease. Instead of assessing the effect of insoles on a daily basis, the current data compared the average pain level during a 4-day period with and without insoles.
IMPLICATIONS FOR PRACTICE
Questionnaire data provide an impression of the prevalence of low back pain and extremity pain different from that of employee health records or workers' compensation statistics. Questionnaire data have the advantage of identifying workers at risk for debilitating low back pain or lower extremity pain at an early stage of progression (i.e., a stage in which the symptoms are not sufficiently severe to interfere with normal daily activities or cause lost workdays). Likewise, questionnaire data may indicate the effectiveness of intervention strategies, such as ergonomic changes, shift variations, and cross-training. Reducing the mean level of low back pain from 5 to 2, for example, may be evidence of effective prevention of symptom progression before the long-term effect on workers' compensation statistics is known.
Although hard floors may be a factor contributing to both lower extremity and back pain, the effect of static loading appears to be a major contributor as well. Repetitive loading is an obvious causative factor for overuse syndromes. Frequent bending, lifting, and climbing for long periods reduces connective tissue adaptation to workloads, but the deleterious effect of static loading, even using effective postures, is sometimes overlooked. A worker using effective body mechanics while standing or moving may not avoid overloading the tissues. The difference in pain scores between the workers in Materials and Shipping who were bending, lifting, and carrying all day and those on the plant floor who simply stood operating a machine illustrates that bodies are designed for motion, not static loading. The strategies used to decrease repetitive loading, such as frequent breaks and cross-training, can also be used to decrease static loading. The goal is to allow as much change of positioning as possible within the confines of work tasks.
On an individual basis, the use of cushioning insoles and, by extrapolation, other types of cushioning (e.g., anti-fatigue mats) can significantly reduce not only lower extremity pain but also back pain. Anti-fatigue mats were already in place in many areas of the plant, although in some areas they were covered by coolant and shavings and required frequent cleaning. Even in areas with anti-fatigue mats, the insoles gave additional relief to many workers who reported low back pain or lower extremity pain. Noncustomized, cushioning insoles are a relatively inexpensive intervention that may significantly reduce low back pain and lower extremity pain.
